Research on concentrating solar power (CSP) 
Introduction
China's solar thermal power generation technology research can be divided into three stages. The first period was the national "Eighth Five-Year Plan" ͑1990-1995͒.
At that time, organizations such as the Institute of Electrical Engineering of the Chinese Academy of Sciences, the Beijing Solar Energy Research Institute, and Tsinghua University were supported by the China National Science and Technology Committee to develop solar trough concentrators. The second stage was in the national "Tenth Five-Year plan" ͑2000-2005͒ when the Ministry of Science and Technology funded a 10 kW dish-Stirling research project under the National High-Tech Program. The third stage is the "Eleventh Five-Year Plan" ͑2006-present͒.
With the rapid development of solar thermal power technology in the world and severe pressures on environmental and energy resources, the Chinese Ministry of Science and Technology approved "The solar thermal power technology and system demonstration" project as one of the key projects of the National HighTech Program in 2006 to support the development of a 1 MW solar tower power plant. Through 25 years of effort, China's hightemperature solar selective coating technology, solar heat transfer and high-temperature thermal storage technology, solar concentrator technology, and solar thermal-electrical conversion technology have made great progress.
China's Solar Resources
China is located in the eastern part of Northern Eurasia with most of the land in temperate, subtropical, and tropical zones, with relatively rich solar energy resources. The accumulated longterm data from more than 700 weather stations shows that the total annual solar insolation in China varies from 831 kWh/ m 2 to 2333 kWh/ m 2 with an average insolation of 1628 kWh/ m 2 . Large solar thermal power stations require large tracts of land. Considering the direct solar irradiation and the land utilization rate, the Gobi desert region is one of the best places for solar thermal power plants. China's desertified land area is about 1,690,000 km 2 ͓1͔, of which around 300,000 km 2 has water resources and power grids suitable for solar thermal power plants.
China's Solar Thermal Power Technology Development Process
China's solar thermal power technology research and development can be traced back to the end of the 1970s. The Institute of Electrical Engineering of the Chinese Academy of Sciences ͑IEE-CAS͒ started solar thermal power technology research in 1978. IEECAS, Tsinghua University, and the Beijing Solar Energy Research Institute successfully developed dish concentrators with aperture diameters of 1.8 m, 2.5 m, and 3.7 m, and tested a variety of reflection materials and concentrator manufacturing processes. At the same time, research on alkali metal-thermal power conversion systems was also carried out. At the end of the 1970s, Xiangtan Electric Manufacturing Corporation, Ltd. ͑XEMC͒ and an American manufacturing company cooperated to build an experimental solar dish, with a concentrator diameter of 7.5 m. Heatconducting oil was used as the heat transfer medium that transferred heat to the organic working fluid to drive a special turbogenerator for power generation. The experimental device generated 3 kW.
During the 1990s, the China Ministry of Science and Technology ͑MOST͒ project supported by IEECAS, Beijing Solar Energy Research Institute, and Tsinghua University developed the oncethrough evacuated tube, parabolic trough concentrator. Since 2000, with the increasingly serious environmental and energy shortage pressures, the Ministry of Science and Technology of the Chinese government intensified the support and funding of solar thermal power research in China. A group of projects were implemented as key projects, such as dish-Stirling systems, solar power towers, solar parabolic trough concentrators, low-temperature solar power generation, and solar chimneys, which have had big achievements. More than 50 universities, research institutes, and companies received government funding in 2006.
CSP Development Process-Solar Concentrating Technologies
4.1 Solar Dish Concentrator. From 2000 to 2005, the IEE-CAS, the Himin Solar Energy Group, and the Institute of Engineering Thermophysics of CAS jointly developed three solar dish concentrators with 5 m diameters ͑Figs. 1 and 2͒. These included three-dimensional sun position tracking and high-precision attitude controls. The control drive precision was 3.5 mrad. Worm-, rail-and dual-worm-type systems were developed as the three different drive methods. During this period, other research results included the ability to manufacture rotary parabolic mirrors with high reflectivity ͑reflectivity Ͼ90%͒, transmission technologies with low energy consumption ͑electricity consumption during operation of less than 4 W͒, and heat transfer technologies for ultrahigh thermal flux boundary conditions ͑0.65ϫ 10 6 W / m 2 ͒ with thermal efficiencies not less than 91%.
Parabolic Concentrators.
In 1995, the Chinese Academy of Sciences developed a set of parabolic trough concentrators with lengths of 8.56 m and widths of 5.76 m. Tsinghua University and
